/ primary human bone marrow cells, stimulated to differentiate along myelomonocytic lineages, were incubated with the HGE agent. Immature marrow progenitors and, remarkably, not only granulocytic but also CD14 / monocytic cells from these cultures supported replication of the HGE agent, suggesting that all are potential targets of infection in vivo. Infection of bone marrow progenitors may contribute to the hematologic manifestations of HGE. Furthermore, the ability of the agent to interact with monocytes has significant implications regarding disease pathogenesis and host response.
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Human granulocytic ehrlichiosis (HGE) is an emerging tickborne infection resulting in an acute febrile illness associated with cytopenias and characteristic intracellular organisms within peripheral blood granulocytes. The etiologic agent of HGE has recently been isolated and cultivated in the HL-60 promyelocytic leukemia cell line, but the spectrum of host cells that it naturally infects remains unknown. To determine if normal hematopoietic progenitors could be targets of infection, CD34
/ primary human bone marrow cells, stimulated to differentiate along myelomonocytic lineages, were incubated with the HGE agent. Immature marrow progenitors and, remarkably, not only granulocytic but also CD14 / monocytic cells from these cultures supported replication of the HGE agent, suggesting that all are potential targets of infection in vivo. Infection of bone marrow progenitors may contribute to the hematologic manifestations of HGE. Furthermore, the ability of the agent to interact with monocytes has significant implications regarding disease pathogenesis and host response.
Human granulocytic ehrlichiosis (HGE) is a tickborne infecehrlichiosis caused by Ehrlichia chaffeensis, in which infection tion first described in 1994 [1] . This disease has tentatively of peripheral blood monocytes is observed [2] . HGE is caused been given the name of HGE because colonies of intracellular by an obligate intracellular gram-negative bacterium, which is bacteria (morulae) are often seen within peripheral blood grangenetically closely related, if not identical, to the ehrlichiae ulocytes. This feature helps to clinically distinguish HGE from that infect horses and ruminants, Ehrlichia equi and Ehrlichia phagocytophila, both of which also infect peripheral blood granulocytes [3] [4] [5] . 
Material and Methods
observed under oil immersion (11000) for the presence of intracelIsolation and cultivation of the HGE agent. We used 2 midlular bacterial inclusions (morulae). To characterize phenotypic western isolates made by our laboratory from the blood of patients differentiation, myeloperoxidase and nonspecific esterase staining with acute ehrlichiosis, which were confirmed to be HGE isolates were done as described [9, 10] . To confirm infection of marrowby genospecies-specific polymerase chain reaction, 16S rDNA sederived monocytes, cells were double-labeled for both HGE antiquencing, and serologic testing against E. equi and HGE antigens.
gens and the monocytic-specific marker, CD14. For the detection The HGE isolates were propagated continuously in the human of HGE antigens, serum from a patient who had recovered from leukemia cell line HL-60 (CL240; American Type Culture Collecculture-proven HGE (HGE IFA titer, 1:5120) was diluted 1:500 tion, Rockville, MD) as previously described [5] . Cells were mainin TRIS-buffered saline with 3% bovine serum albumin and tained between 2 1 10 5 and 1 1 10 6 cells/mL in RPMI 1640 detected by secondary labeling with rhodamine-conjugated anti-(Celox Laboratories, Hopkins, MN) supplemented with 10% heathuman IgG (Organon Teknika, West Chester, PA). At the same inactivated fetal bovine serum (Hyclone, Logan, UT) and 2 mM time, to identify monocytes, direct labeling with fluorescein isoglutamine at 37ЊC and 5% CO 2 . Infection was monitored by use thiocyanate (FITC)-conjugated anti-CD14 antibody (Leu-M3, of Giemsa-stained cytocentrifuged preparations (see below).
Becton Dickinson, San Jose, CA) followed by amplification using Isolation and cultivation of bone marrow progenitors. Bone secondary labeling with FITC-conjugated anti-mouse Ig (Organon marrow from the posterior iliac crest of healthy volunteer donors Teknika) was done. Negative controls included uninfected marrow was used. Bone marrow mononuclear cells were obtained by ficolland HL-60 cells for HGE and CD14 antigens, respectively. Periphhypaque (Sigma Diagnostics, St. Louis) density gradient centrifueral blood monocytes purified by magnetic bead selection (Milenyi gation and enriched for CD34 / cells, using an avidin-biotin column Biotec, Auburn, CA) were used as a positive control for the detec-(Cellpro, Bothell, WA) as recommended by the manufacturer. Retion of CD14. sultant cells were stained with CD34-biotin (Cellpro) and phycoerythrin-conjugated HLA-DR (Becton Dickinson, Mountain View, CA) for multicolor sorting, as previously described [7] . A popula- whereas cells infected at 4 and 5 days of culture were 80%-ng/mL stem cell factor (provided by Amgen, Thousand Oaks, CA) 90% infected 3 and 5 days later, respectively, and were comwere added. Cells were maintained at 37ЊC in 5% CO 2 .
pletely lysed by bacteria by 7 days. Cells became less susceptiPhenotype analysis. Cell surface antigens were determined by ble after having been cultured for 7 days before inoculation; direct staining of cells, using monoclonal antibodies (0.15 mg per only 30% contained morulae 7 days later. Initially, all cells were of similar appearance, with a high creased nuclear size, fewer nucleoli, and the appearance of Infection with the HGE agent. Both early (passage 7) and laboratory-adapted (passage ú40) HGE isolates were used. Each granulocytic and monocytic precursors. By days 7-10, mono-cytes, metamyelocytes, and granulocyte band forms were visiNonspecific esterase, a marker of monocyte differentiation [10] , stained 30%-40% of cells examined 10 days after culture ble. At the time of greatest susceptibility to infection (4 days), ú70% of cells had lost expression of the primitive marker, initiation, but the stain was too intense for photography of morulae within stained cells. Immunofluorescence demon-CD34. Six percent to 9% of cells were CD14 / , and 40%-60% were CD15 / CD14 0 , demonstrating monocytic and granulostrated that 30% of cells were positive for the monocyte marker CD14 after 10 days in culture, and double immunofluorescence cytic differentiation, respectively (table 1) [8] . The time course of differentiation was not altered by infection with HGE.
for CD14 and the HGE agent revealed that 90% of these CD14 / cells were infected with HGE ( figure 1C) . Remarkably, cells morphologically characteristic of monocytes and granulocytes were equally infected by the HGE agent Discussion ( figure 1A) . Myeloperoxidase staining was done as a marker for granulocytic differentiation [9] , and revealed that both perNormal CD34 / HLA-DR / primary human bone marrow progenitors, which share with susceptible HL-60 cells [11] the oxidase-positive and -negative cells were infected ( figure 1B) . ute to the clinical manifestations observed in HGE. For example, the release of cytokines by monocytes could result in fever, myalgias, and hepatic dysfunction [14] and could act on the bone marrow to down-regulate hematopoiesis [15] . Circulating ability to differentiate along both granulocytic and monocytic lines, are susceptible to infection with the agent of HGE. To monocytes could participate in disseminating or eliminating infection. Tissue macrophages and related skin Langerhans our knowledge, this is the first report of cultivation of the HGE agent in primary cells.
cells could be important during infection either as targets of initial infection or as effectors in the early host response, as The peak period of susceptibility to infection was 4-5 days after initiation into the culture system, a time at which there observed with other tickborne infections [16] . The susceptibility of the HL-60 promyelocytic leukemia cell are few fully mature cells but clear evidence, by morphology and cell marker studies, of differentiation along both lineages.
line to infection with the HGE agent suggested that myelomonocytic precursors in the bone marrow might be targets of Cells infected at earlier and later time points were less susceptible, suggesting targeting of the HGE agent to committed myenatural infection. The ability to infect primary CD34 /
HLA-DR
/ human bone marrow progenitors provides support for lomonocytic progenitors or alterations in susceptibility to HGE related to factors such as cell proliferation or metabolic activity.
this hypothesis. The finding that cultured normal hematopoietic cells, both granulocytic and monocytic, are susceptible to HGE There are no published studies detailing bone marrow findings in patients with HGE. E. chaffeensis morulae have been infection provides new opportunities for studying the biology of this agent and its interactions with pathogenically relevant observed in bone marrow mononuclear cells in association with progressive pancytopenia [12, 13] in human monocytic ehrnontransformed target cells. lichiosis, demonstrating that direct infection of hematopoietic cells can occur and that such infection or alterations in the bone marrow microenvironment resulting from it, may contribute to
